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TRANSCNIC, AND SUPERSONIC SPEEDS

By H. Kurt Strass
SUMMARY

Seversl wing-spoller asrrangements have been tested as a part of a
genersl investigetion of aercdynemlc control at supersonlc speeds which
is . being conducted by the ILangley Pilotless Alrcraft Research Division
using rocket-propelled test vehicles.

The resulis show that chordwise spoiler location 1s a critical factor
in determining an effective control for use over a wide Mach number range.
A sharp-edge spoller proJecting 0.02 chord above the wing surface had less
drag and greater over-all eff'ectiveness when located at 0.8 chord than when
located at O.4 or 0.6 chord.

The sharp-edge spoller at 0.8 chord was much more effective in the
subsonic reglon and slightly more effective in the supersonic region then
a wedge-type spoller et the same locationj however, the sharp-edge spoller
had consid.era'bly more dreg. In comparison with a plain, full-span aileron
deflected 4.4°, the sharp-edge spoiler was considerably less effective
throughout most of the Mach number range except for a small range neer Mach
number 0.9. Below Mach number 0.9 the drag increment of the wing plus
shaxrp-edge spoller was approximately flve times the drag of the wing and
plain aileron. At higher Mach numbers the drag coeffilclents were spproxi-
mately edusl.

INTRODUCTION

The Langley Pllotless Alrcraf+t Research Division is now engeged in an
experimental Iinvestigation of asrodynamic controls utilizing rocket-
propelled test vehicles In free flight. The exploratory phase of thls
investigation ls balng conducted with the RM~5 test vehlcle wlth which
data relating to the rolling capasbilitles of varlous wing-control .
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combinations are obtained. Descriptions of the test technlque and results .
obtalned previously for the rolling effectiveness of plain allerons are
given in references 1 to 4.

Inasmich as spoller-type controls offer the possibllity of obtaining
some degree of control effectiveness with small hinge moments, an experi-
mental Investigation of the rolling effectlveness of a number of wing-
spoller configurations has been conducted with the aforementioned
technique. The purpose of the present paper 1s to present results obtained
recently relating to the rolling characteristics of a full-span sharp-
edge epoiler with an 0.02-chord proJection above the wing surface at
several chordwise poslitione and also to the relative effectiveness of the
sharp-edge spoller end & wedge-type spoller located at the 80-percent-
chord line. The sharp-edge spoliler and an O.2-chord plain, sealed
aileron with 4.4° deflection (reference L) are aslsoc compared as a matter
of interest. While the present results do not present a sufficlent number
of different configurations to permit the evaluation of the effectlveness
of spollers at trensonic and supersonic speeds due to the fact that only
one spoiler extension (0.02 chord) and aileron deflection (B, = 4.k°)
was Investigated, they do, however, indicate the effectiveness character-
istlcs of typlcal spoiler arrangements.

SYMBOLS

b/2V wing-tip helix angle, radians

P rolling veloclty, radians per secomnd
b diameter of circle swept by wing tips, feet (with regard to

rolling characteristlcs, considered to be effective gpan

of 3-fin RM-5 models) .
v fllight-path veloclty, feet per secomnd

b drag coefficient based on total exposed wing arsa of 1.563 square
feet

CZ dampling coefficient, based on area of cne wing taken to center
p line of wvehicle
M Mach number
by diemeter of circle swept by wing tips minus fuselage dlameter .
S exposed area of two wing panels
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2
A exposed aspect ratio EL
51
h gpoller extensglon above wing surface
c wing chord parallel to model center line
Ga. alleron deflectlion measured 1ln plane perpendicular to chord

Plane and parallel to model center line
MODELS AND TESTS

The general arrangement of the RM-5 test vehlcles used in the present
Investigation 1s shown In figure 1 and the photograph of figure 2. A
photograph of a typical test vehicle wlth booster on the launcher is shown
in figure 3. The alrfoll section used on all the configurations In thils
investigation was the NACA 65-009 s the exposed wing area was 1.563 square
feet, and the azspect ratlo A was 3.0. The confligurstlon employlng the
fuli—i:ga.n, Plain, 0.2¢c sealed alleron had an alleron deflectlon By
of 4.4%.

The 1aunchilig of the test wvehicles ls accomplished at the Wallops
Island, Va. test facllity. The test vehicles are propelled by a two-
stage rocket-propulsion system to a Mach number of about 1.8. During
a l10-second period of coastling £light following rocket-motor burnout,
time historles of the rolilng veloclty are cobtained with special radio
equlipment and the flight-path veloclty is obtained by the use of
Doppler radar. These data, in conjunctlon with atmospheric data obtalned
with radiosondes, permlt the evaluatlion of the alleron rolling effec-
tiveness iIn terms of the paramster p‘b/EV as a function of Mach number.
In addition, the variation of drag coefficlent wlth Mach number 1s
obtained by a method Involving the differentlation of the curve of
flight-path veloclty against time for power~off flight. The variation
in Reynolds number wlth Mach number for the range of climatic conditions
encountered during the tests is presented in figure k.

The experimental accuracy hased on previous experlience ls estimated
to be within the following Ilimitas

pb/2V (dus to limitetions on the Instrumentation) « « . » « « o » £0.003
CD Ea‘b Subsonic Speedﬂ ) .« e ‘_.' - " & e & e e s ¢« e a . e . « e @ . i O L] 003
CD at S'L'LPGI‘SOD.iC Speeds ) v e e s « o & ®© o e -« e .« a e« e ‘o » .« e i 0 . 002
. M e« @ & 8 @ & & & B e & & e & @€ & 6 2 = S e ® e & B & 8 s e e @« @ + O . Ol
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The limlte of accuracy due to consitructional differences are shown by
the flights of duplicate models.

Inertia effects on the experimental values are bellieved to be
negligible everywhere except in the reglons where there are large changes
in rolling velocity which generally occur between M = 0.85 and M = 1.0.
Calculations based on the results presented for model 75(b) (which had
the greatest variation in pb/2V) show that at M = 0.93, for example,

where %ﬁ = 307 radlans per second square, the measured velus is in

error by & factor of approximately 20 percent using CZ = 0.26. Om
%

either side of this reglon, where rapid chenges exlst, the error is

epproximately 2 or 3 percent. (See reference 1.)

A complete discusalon of the testing technidue is contalned in
references 1, 2, and 3.

RESULTS AND DISCUSSION

The results of the present tests are presented in flgures 5 to 7
ag curves of pb/EV and CD against Mach number. A complete description

of the confilgurations discussed in this paper is presented in figure 1.
Posltive rolling effectiveness 1s taken to be 1n a direction opposite to
the spoller extension. In cases where more than one model of the same
number deslgnation 1is mentloned, the letter designation denotes
successful repeat flights of the same configuration.

Rolling effectiveness.- Spoller location appears to be critical to
a greater or lesser degree depending on the Mach number range in which
the vehicle is operating. From examination of the curves of pb/QV
egainst Mach number in figure 5, it 1is apparent that in the reglon
below M@ 0.9 spoiler location 1s extremely criticel. Unfortunately,
only partial records were obtained from both test vehlcles employing
spollers at the 80-percent-chord point. However, spollers located at
thls chordwise position malntained good control a&s low as M = 0.73
based on the one flight for which dats were available.

Moving the spoiler location to 60 percent of the chord caused a
large variation in pb/2V wlth Mach number below M = 0.9. The value
of pb/2V decreased from 0.06k at M = 0.86, where ‘e valuas from
the O.6-chord and 0.8-chord positlons were the same, to approximately 0.02
at M = 0.53. The discrepency betwsen the two models with the spoller
at the 0.6-chord location for the region between M = 0.88 and M = 0.93
is inexplicable at this time.
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An extreme varistion In pb/2V with Mach number ls evlidenced when
the spoller 1s located at the Q.d4~chord station. The valune of ;p'b/EV'
varies from slightly negative at M = 0.50 %o a peak of 0.096
at M = 0.87 and then decreases to a negative value of -0.008
at M= 1.0l. Above M = 1.0 a posltive tremnd In effectivensss 1s
in evidence which continues until M = 1l.35 whers the value of
Pb/2V = 0.01k. Beyond M = 1.35 a slight decrease in effectiveness with
Increasing Mach number occurs until at the hi 8t Mach number observed
for this vehicle, M = 1.76, the value of pb/2V = 0.005.

Above M = 0.93, the varlation of pb/2V with Mach number for the
configurations with the spoiler at the 0O.6-chord polnt and the 0.8-chord
point agreed within the limlts of experimsntal accuracy.

Figure 6 compares the variation of rolling effectiveness and drag
with Mach number for two types of spoiler silerons located at the 0.8-chord
position on an NACA 65-009 airfoll section. From the lowest velocity at
which data for both types of spollers are avallable to M = 0.93, the
gharp-edge spoller has greater effectiveness than the wedge spoiler.

At M = 0.93, the effectiveness curves for the two types of spollers
approach each other and maintain approximately the same relationship
throughout the Mach mmber range up to the highest Mach number tested,
M= 1.75, with the sharp-edge spoller appearing to be sllghtly more
offective. However, as the spread between the curves throughout thls
Mach number range 1s of the sams order as that caused by estimated
experimental error, it elimlnates any positive concluslions being drawn
regarding their relative effectlveness at Mach numbers greater than 0.93.

Figure 7 compares the rolling effectiveness of the sharp-edge spoller
at the 0.8-chord location with & 0.2-chord, full-span, sealed alleron on
wings of the same plan form and sectlon, previously compared 1n reference L,
This comparison 1s extremely limlted because it is for only one spoller
end ailercn deflection but clearly presents the greater drag of +this
type spoiler in the subsonlc reglon. However, the spoller meintained
rolling effectiveness until M = 0.91 as opposed to the plain alleron
which lost effectiveness at M = 0.85. The decision to use a spoller

extension of 2 percent G = 0.02) was based on an estlmation using low-

speed data of the spoller extension at the 0.8-chord location necessary to
equal the control of & 0.2-chord plain allercn at & deflection of 5°.

Drag measursments.~ The drag-coefflcient data obtained in thils
present investlgation are included as a matter of interest and to
illustrate the relation between transonic drag rise and control effec-
tiveness. In examining these data, consideration should be made of the
section angle-of-attack distribution along wing span ceused by model
rotation. A point to consider 1ls the fact that within the accuracy of
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moasurement the variation of drag coefficient wlth Mach number presented
In Pigure 5 shows a falrly uniform increment of drag rise with lncreasing
forward location of the sharp-edge spoller which wes approximately true
for the entire Mach number range for which comparasble date exist. How-
ever, it is interesting to note that at Mach numbers above about 1.4 the
drag values of the three configurations tended to approach a common value.

Figure 6 compares the drag characteristice of the sharp-edge and
wedge-~type spollers. The drag of the sharp-edge spoller was appreclebly
greater than the wedge type for the entlre Mach number range tested
except for the region . between M = 0.9 and 1.0 where the values were
approximately equal. An indication of the extremely high drag of the
sharp-edge spoller at subsonic speeds 1a given by the comparison with
the drag of the plailn slleron in figure 7. The drag of the wing plus
sharp~edge spoller was approximetely five times the drag of the wing and
plain-aileron combinatlion below M2N 0.9. At higher Mach numbers the
drag coefficients were approximately edqual.

CONCILUSIONS

On the basls of the results of flight tests of the spoller and alleron
configurations presented herein, the following conclusions may be drawn:

1. Chordwlse spoller location appears to be critical for both rolling
effectiveness and drag with the 0.8-chord location having the least drag
and the highest over-all effectivenssa. In the supersonic rsnge the
rolling effectiveness for the 0.6-chord and 0O.8-chord locations agreed
within the experimental accuracy.

2. In the Mach number range below Mach number 0.9, the aharp-edge
gpoiler was much more effective than the wedge type. However, above
Mach number 0.9, the results for the two types of gpollers agreed within
the experimental accuracy. The drag coefflcient for the sharp-edge
spoller was appreclably greater than the drag of the wedge spoller
throughout the entlire Mach number renge tested except for a limited
reglon between Mach numbers 0.9 and 1.0 where the drag coefflclents
were approximately equal.

3. The plain, sealed, 0.20-chord alleron for a deflection of h.4©
had greater rolling effectliveness than the sharp-edge spoiler throughout
most of the Mach number region where comparable data exist except for
the transonlc region where the spoller maintalned effectiveness to a
higher Mach number.

Langley Aeronsutical Laboratory
Nationel Advisory Commlttee for Aercnautics

Langley Field, Va.
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Pigure 1.- General arrangement of RM-5 test vehicles.
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Flgure 2.- General arraengement of the BM-5 test vehlcles.
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Figure 3.- Typlcal RM-5 test vehlcle prior to launching.
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